OBJECTIVE: To determine the relationship of juvenile obesity to dietary fat, particularly saturated fat, and with dietary energy (controlling for activity patterns). DESIGN: Cross-sectional, evaluation of diet and activity patterns of obese and non-obese children and adolescents. SUBJECTS: A total of 181 children, aged 4 -16 y. Subjects were divided into two groups: obese (body mass index, BMI, > 95th percentile for age and sex), 40 males and 51 females; and non-obese (BMI < 75th percentile for age and sex), 35 males and 55 females. MEASUREMENTS: Dietary intake was analyzed with a dietary history interview; activity patterns were analyzed with an activity interview and body fat was measured with bioelectrical impedance analysis. RESULTS: The obese subjects consumed significantly more total calories, total fat in grams and saturated fatty acids (SFA) in grams than did the non-obese subjects. Based on step-wise multiple regression, the total energy consumed, not total fat or SFA, had the strongest relationship to the subject's percentage body fat, controlling for activity levels. CONCLUSION: We suggest that, although obese children and adolescents consume more dietary energy and fat than nonobese children and adolescents, there is a stronger relationship between total energy consumed and juvenile adiposity than with dietary fat or type of dietary fat consumed.
Introduction
Obesity is becoming a worldwide phenomenon affecting all levels of society and is being described as an epidemic. 1 Between 1981 and 1996 in Canada, the prevalence of overweight (BMI greater than the 85th percentile for age and sex) among boys increased from 15 to 28.8% and among girls from 15 to 23.6%. The prevalence of obesity (BMI greater than the 95th percentile for age and sex) in children more than doubled over that time, from 5 to 13.5% for boys and 11.8% for girls. 2 Juvenile obesity is associated with many adverse health effects, such as hyperlipidemia, hypertension, abnormal glucose tolerance, respiratory disorders, orthopedic problems and psychosocial discrimination by peers. 3, 4 Forty to seventy percent of obese children and adolescents become obese adults, 5 -7 and it has been estimated that diet and activity patterns contribute yearly to approximately 300 000 preventable adult deaths in the United States. This denotes a significant cost to our health care system. 8 Despite the recognition of the severe health and psychosocial damage caused by juvenile obesity, in the past the priority for juvenile obesity research was low. Thus, more investigations are needed to answer the question why obesity occurs, how it should be effectively treated and ultimately how to prevent it. 3, 8 Although a number of factors may exist that contribute to the development of obesity, its etiology is not well established. 9 It is usually assumed that a basic imbalance in energy intake and energy expenditure can lead to an excess of adipose tissue. 10 In the animal model, other factors such as dietary fat and the type of dietary fat (saturated vs unsaturated) have been shown to increase adiposity without excessive energy intake in certain rat strains. 11 -15 Less research has been done in this area in humans. In adults, studies are often confounded by lack of control for factors such as alcohol consumption, physical activity or cigarette smoking. In two studies that did control for these factors, the researchers found a positive association between dietary fat, and not dietary energy, and the percentage of body fat in adult women and men. 16, 17 In Caucasian children ages 4 to 11 y, five groups of researchers 9,18 -21 have suggested that body fat correlated with dietary fat intake, and not dietary energy intake. One group found this only occurred in boys. 21 Unfortunately, there were some methodological problems with these studies which makes the results questionable. In only one study was a dietary history used. 20 This method of dietary analysis is more complete than other methods for obtaining qualitative and quantitative dietary information. 22 In most of the studies, skinfolds to measure percentage fat were used, 9,18 -20 and these are not appropriate for the obese population. 23, 24 The type of fat intake was investigated in only one of the studies and it was determined that percentage body fat correlated positively with intakes of unsaturated fat and thus was not only limited to saturated fats. 18 Thus this current study was undertaken with the dietary history method to analyze diet, a validated activity questionnaire to measure activity patterns, bioelectrical impedance to assess body fat and a healthy weight control group to help determine if juvenile obesity was more correlated with dietary fat, particularly saturated fat, than with total dietary energy (controlling for activity patterns). We hypothesized that obese children consume a diet higher in fat than normal-weight children and this correlates with their obesity more than dietary energy, when one controls for activity levels.
Methods

Subjects
One-hundred and ninety-five children and adolescents aged 4 -16 y participated in this cohort study. Children and adolescents with eating disorders including dieting, genetic disorders of obesity, physical limitations, other co-morbid conditions, or treated by medications that could affect eating or physical activity were excluded.
The obese group were patients of the Children's Exercise and Nutrition Centre which is a clinic that uses an interdisciplinary behavior modification approach to the treatment of juvenile obesity. These subjects were on the waiting list for treatment. The only information that they received prior to the study was a general overview of obesity such as the risks associated with obesity, prevalence, etc. They were instructed on the importance of accuracy of dietary and activity recall in order to receive the best treatment. This group of 91 children (40 males, 51 females) were defined as obese if they had a BMI greater than the 95th percentile of the reference values for age and sex. 25 The non-obese subjects were recruited from community advertisements. This group of 90 children (35 males, 55 females) were defined as non-obese if their weights were in a healthy weight range (BMI less than the 75th percentile of the reference values for age and sex). To select subjects as similar as possible to the obese, they were recruited by stratifying age, gender and socioeconomic background. A parent was asked the family's yearly gross income to determine socioeconomic level. To control for seasonal variation in food intake and activity patterns, the obese and non-obese subjects were recruited evenly throughout the year.
Eleven children were excluded from the data as their BMI percentile was between the 76th and 94th and thus did not meet the weight criteria for either of the two study groups. Another three were excluded because it was determined during the assessment that one was showing symptoms of an eating disorder, one was found to be on an appetitealtering medication and the other was on a weight-reducing diet.
This study was approved by the Hamilton Health Sciences Corporation Ethics Review Board. The parent and the child, if 12 y of age and over, signed an informed consent. Those less than 12 y of age gave a verbal assent to participate.
Measurements
The subject, with at least one parent, was invited to the clinic and basic demographic material was obtained including age, gender and income level. Standing height was measured in stocking feet using a Harpenden Stadiometer (London, UK) with a precision of 0.1 cm. Weight was measured to the nearest 10 g in a standard hospital gown or T-shirt and shorts using an Ancaster electronic scale (Brantford, Ontario, Canada). Percentage body fat was assessed by bioelectrical impedance analysis with a body composition analyzer, BIA-101A (RJL Systems Inc., Detroit, MI, USA) using a right-sided four-surface electrode placement. 26 Equations were based on Houtkooper's body composition formulas adjusted for children. 27 BMI was calculated as weight in kilograms divided by height squared in meters. Percentage BMI was calculated as actual BMI divided by median BMI for age and sex.
A dietary history interview was undertaken 28 by a Registered Dietitian. This included: a 24 h recall of usual dietary intake of all meals and snacks; a modified food-frequency questionnaire on foods usually consumed by children and adolescents; and questions to verify intake including portion sizes, food preparation techniques and place of consumption. Graduated food models were used to aid in portion size delineation. A 3 day record sheet of intake recorded by the family (which was given to the subjects 1 month prior) was brought at this visit. The total dietary energy and macronutrient intake was calculated from tables of food composition in the computerized analysis program Nutritionist V (First Data Banks, San Bruno, CA, USA).
The activity score was obtained by a certified kinesiologist using a validated activity interview for children and adolescents. 29, 30 The family first filled out a 3 day activity log to familiarize them with typical questions that would be asked Childhood obesity and energy intake LJ Gillis et al at the interview (which was given to the subjects 1 month prior). The interview involved a 7 day recall of all activities including type, duration and intensity. Memory-enhancing questions and lists of usual juvenile activities were also used to help with recall. The amount of time in hours each subject spent in light, moderate, hard and very hard activity was then calculated. The activities were given intensity values based on METS. One MET requires 3.5 ml of oxygen per kg of body weight per min. This equals approximately 1 kcal=kg=h. 31 For example, an activity such as walking would expend 4 kcal=kg=h or require 4 METS. To make the energy cost calculations, light activities were assigned an average of 1.5 METS, moderate activities 4 METS, hard activities 6 METS and very hard activities 10 METS. To calculate the activity score, the hours spent in each activity category were multiplied by the average MET for the category and summed over all categories. 32 
Data analysis
The results are expressed as median and range. Linear regression analysis was used to determine if there was a relationship between adiposity and diet composition. Partial correlations were calculated using a step-wise multiple regression analysis to assess the effects the individual independent variables had on the dependent variable. The dependent variable was percentage body fat and the independent variables were energy intake, total fat intake, saturated fatty acid (SFA) intake and activity score. Additional regression analyses were used to evaluate gender and age differences. The independent variables were rejected at P > 0.05. The SPSS statistical package was used.
Results
Anthropometric characteristics of the subjects are described in Table 1 . There were no significant differences in age or income between the two groups. There were subjects from all socioeconomic levels but the majority were middle class families (net earning of $20 000 -49 000 Canadian). The two groups were significantly different in weight, height, body mass index (BMI), percentage BMI, percentage body fat and lean body mass.
The summary of dietary intake is shown in Table 2 . The obese subjects consumed significantly more total energy in calories, dietary fat in grams and SFA in grams. They also consumed significantly more energy, fat and SFA as a percentage of goal for age and sex. 33 When the energy and fat intake were expressed per kg body weight and per kg lean body mass, the obese consumed less than the non-obese subjects. There was no difference in fat as a percentage of energy between the two groups. The obese subjects consumed significantly more sugar (167 AE 60 g) than did the non-obese subjects (134 AE 46 g).
The summary of activity patterns is shown in Table 3 . The obese subjects were significantly less active based on the activity score compared with the non-obese group. The obese group spent significantly more hours in light activity and significantly fewer hours in moderate and hard activity than did the non-obese group. There was no significant difference in hours of very hard activity between the two groups.
The multivariate-regression models for percentage body fat are shown in Table 4 .
Step-wise regression removed total fat intake and saturated fat intake from the model. After adjustment for age, total energy intake explained the most variation in percentage body fat with activity explaining the Data expressed in median (range). *Statistically significant difference between the two groups at P < 0.0001. **Statistically significant difference between the two groups at P < 0.05.
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Discussion
In this study, the obese children consumed significantly more total energy, total fat in grams and SFA in grams than did the non-obese children. The obese also consumed more total energy, fat and SFA as a percentage of their need. The total energy consumed, not total fat or SFA, had the strongest relationship to the subject's percentage body fat, controlling for activity levels. This is in line with several reports regarding a higher energy expenditure in obese children. 34 -36 It is of note that when our results are expressed as energy per kg body weight or per lean body mass, the obese consume less than the non-obese. Other authors also reported the same pattern. 9, 18, 20, 21 Several researchers report that obese children consume less or equal kcal, compared with their lean counterparts. 20,21,37 -41 It is noteworthy that the obese children in our study consumed significantly more total energy than did the non-obese children. However, there are other research groups that concur with our results. 18,42 -44 Many of the studies that report a lower calorie intake in obese children have been criticized for methodological reasons. Some used dietary assessment methods that are not as accurate as the dietary history that was used in our study. 21, 37, 38 For example, some used the 24 h recall method or 3 day record which is criticized because subjects often under-report and omit snacks which make up a significant part of the pediatric diet. 45 -47 Others used small sample sizes 18, 21, 41 or used only adolescent subjects who are known to under-report more than younger children. 38, 41 Some did not report having a parent present in the interview. 41 It has been shown that children and adolescents do not have the ability to accurately report portion sizes, so the lack of a parent in the interview could have given inaccurate results. 48 -50 Several studies used laboratory conditions that may have influenced normal eating behaviors. Subjects may change what they eat when observed or in an artificial laboratory setting. 22, 51 Underestimation of nutritional intakes is common in dietary surveys, and obese subjects have been shown to underestimate to an even greater extent in research studies. 52, 53 In our study, the obese subjects were scheduled for treatment and may have been less likely to under-report in order to receive help for their health problem. We propose that this may be one of the reasons for the differing results. Another reason for the discrepancy among studies may be related to the stage of obesity that the children are in at the time of assessment. It is possible that, in some studies, the children may have reached a level of obesity which has not changed over time, meaning they were in a state of energy balance. In other studies, it is possible the children were still gaining excessively at the time of observation, being in positive energy balance and thus consuming higher intakes than their needs. Using a cross-sectional approach, it is impossible to know which state the children were in at the time of observation in the previously reported studies or in this current one.
The obese children in this study were less active as a whole (lower activity score) and spent more time doing light activities than did the non-obese children. The obese did significantly less moderate and hard activity. However as seen in Table 4 , the relationship between adiposity and energy intake was not affected by the activity score.
In the studies that looked at the contribution of diet composition to childhood and adolescent obesity, each research group found a stronger relationship between dietary fat and adiposity, than with total energy intake. 9,18 -21 In the current study, dietary fat as a percentage of total energy consumed was 31% for the non-obese and 33% for the obese which is lower than reported in other studies. Studies published in the mid-1990s reveal an average of 33% for non-obese and 37% for the obese. 9, 18, 20 The obese subjects in our study consumed significantly more sugar than did the non-obese subjects. Thus we can hypothesize that perhaps the extra energy that our subjects reported consuming was not only fat products but also sugar products such as candy, pop and other sweet drinks which would not have contributed to the fat percentage.
There are three main limitations in this study. First, although the diet history and the activity interview may be more thorough than other methods for assessing diet and activity patterns, they are still based on recall. These approaches have inherent errors, such as lapses in memory and under-or over-reporting. 22, 54 Secondly, the non-obese group may not have been representative of all non-obese children as individuals who respond to advertisements may be more committed to healthy lifestyles. Thus they may eat a healthier diet and have a higher activity level. Perhaps had the non-obese been randomly recruited from a school setting, they would have been more representative of all non-obese children and adolescents. Finally, this study was crosssectional. Thus it described the diet and activity patterns of the children and adolescents at one point in time and did not answer the question about the development or etiology of obesity. We did show that percentage body fat has a strong relationship with total energy consumed and activity levels. Thus future education for obesity prevention and treatment should focus on the total calories consumed and expended in activity and shift the focus merely from dietary fat. Childhood obesity and energy intake LJ Gillis et al
